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Context  (2-3 lignes)   Despite large progress in the understanding of mixing processes during the 
last decades, small scale turbulent mixing and kinetic energy dissipation remain key parameters of
the global circulation with large uncertainties. One of the uncertainty that came up in the early 
2000 is associated with the mixing efficiency.

Objectives / scientific questions (2-3 lignes)  
For a given turbulent patch, mixing efficiency ( Γd) partitions the amount of turbulent kinetic 
energy that is dissipated versus transferred into potential energy (i.e. mixing). In the last decade, a 
debate on the mixing efficiency variability has animated the mixing ocean community, opposing 
some of the observationalists to modelers and lab experimentalists. To make it simple, for the 
former group, decades of observations showed that mixing efficiency is rather constant to the 
widely used value of « 0.2 », while for the latter group, lab experiments and modeling turbulence 
at small scale (DNS, direct numerical simulations) showed that mixing efficiency varies as a 
function of several parameters (turbulence intensity Reb, Richardson number and very probably 
other unknown parameters). Reb is the ratio of (kinetic energy dissipation rate) to (viscosity times 
buoyancy frequency squared).

The objectives of this proposal was to use the open-ocean microstructure datasets gathered by 
French teams (LOPS and LOCEAN) around the world to quantify the mixing efficiency sampled in  
distinct dynamical regimes and interpret the results in terms of turbulence intensity and 
Richardson numbers whenever possible.

Main results 

Estimating the mixing efficiency from microstructure based on the datasets we got in the past ten 
years led to a complex picture from which it was difficult to draw any clear conclusions. In order to 
ease the process of data interpretation, we had to focus the study on the region that was  best 
sampled: the western Mediterranean Sea with 136 microstructure profiles. In this region, two 
patterns of mixing efficiency variability appear:

One pattern (Fig. 1a) is consistent with recent DNS of turbulence and shows that mixing efficiency 
has a stable value over a large range of Reb from 10 to 1000 before decreasing at large Reb. Such a 
pattern applies to regions that exhibit large dissipation levels mostly associated with shear 
induced turbulence in stratified waters. A good example is found in the Strait of Sicily (Vladoiu et al.
2019) but other regions with similar dynamics follow this pattern (Corsica Channel, Egadi Valley). 
Both are subject to flows constrained by topography.

The second pattern (Fig. 1b) was rarely observed in the past. It shows that mixing efficiency 
constantly decreases over the whole range of variability of Reb, from 1 to 1000. Such a behavior is 
observed in the numerous regions of the western Mediterranean Sea that exhibit low dissipation 
levels.



Fig. 1: Mixing efficiency (Γd, log. Scale) as diagnosed from VMP microstructure  (black dots with 
error bar) as a function of turbulent intensity  Reb for: (a)  turbulent regions (subscript C = Corsica 
Channel, E = Egadi Valley, S = Sicily Channel ; black dots: CES locations ; blue diamonds: subset 
composed of CE locations), and (b) quiescent regions (subscript L = Ligurian Sea, S = Sardino-
Algerian basin, T = Tyrrhenian Sea,). Red curve shows the prediction from DNS simulations while 
the horizontal dotted line is the widely used prediction from past observations (constant coefficient
of 0.2). Histograms below show the number of occurrences associated with each Reb  bin.
Future of the project : We plan to extend the analysis to other datasets to strengthen the 
understanding of mixing efficiency that obvisouly depend on the underlying dynamics. In that 
respect, future cruises able to describe the time evolution of both the dissipation rates and the 
large scale dynamics (vertical shear, vorticity, ...)  should be quite useful.
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